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INTRODUCTION 

Coal cleaning rcducw the ash and sulfur content of coal by removing ash-forming and 
sLIlfur-bcaring minerals. Coal cleaning can also rcduce the concentration of most of the 
clemcnrs named as hazardous air pollutants in the 1990 Amendmcnts to the Clean Air 
Act lxcause many of thcsc elcmcnts arc associated with mincral mattcr. For example, 
arscnic is commonly associated with pyritc; cadmium with sphaleritc; chromium with clay 
mincrals; mcrcury with pyritc and cinnahar; nickcl with millcritc, pyrite, and othcr 
sulfides; and sclcnium with lcad sclcnidc, pyrite, and othcr sulfides (Finkclman, 1980). 
Thcrc arc also casw in which some of these clcments arc organically bound. Just as both 
organic and pyritic sulfur can lx found in  the samc coal, thc samc tracc clcmcnt may be 
both organically bound and present as part of a mineral in the samc coal. Organically 
hound trace elements are riot removcd by currcntly uscd methods of clcaning coal. 

Trace clcments removcd by coal cleaning will not Ix rckascd into the atmosphere during 
combustion. Also, coal cleaning reduces the ash coiitcnt of thc coal and increases the 
hcating value, reducing transponation costs and increasing lniler ctticicncy. Finally, coal 
clcaning providcs othcr cnvironmcntal Ixncfits by rcducing the sulfilr dioxidc cmissions 
potcntial of die coal and thc amount of ash for collection and disposal. 

As an air tonics control measure, coal clcaning otfers several advantages to utilities. 
Because physical coal clcaning is a rclativcly incxpnsivc tcchnology, it may prove to be 
the lowest-cost control option in  many cascs. Also, coal cleaning is currcntly thc only 
cotnmcrcially availnhlc control tcchnology for the highly volatile trace clcment mercury. 
Finally, removing tracc clements bcforc co~nhustiori reduccs the concentration of thrsc 
clemcnts in utility solid wastes, rcducing possible long-term cnvironmrntal liahility. 

TRACE ELEMENT REDUCTION BY CONVENTIONAL CLEANING 

In tlic US, work hy CQ Inc., Southcrn Company Serviccs, Iiic. (SCS), Consolidation 
Coal Company (CONSOL), and Bituminous Coal Research Inc. (BCR) has dcmonstratcd 
that conventional mrthods of coal cleaning can produce largc reductions in the 
concentration of many trace clcments (Akcrs and Dospoy, 1993; CQ Inc. and SCS, 1993; 
DcVito et al., 1993; and Ford and Price, 1982). Combincd, thcsc sources providc tracc 
clrmcnt reduction data from 16 commercial and tcn commercial-scale cleaning tests. This 
data is summarizcd for arsenic and mercury in Tablc 1. As no attempt was madc to 
enhance removal of any tracc clcment, thesc results arc reprcscntativc of tracc clcmcnt 
reductions that occur as a by-product of cleaning for ash and sulfur reduction. 

The data in Tahlc 1 demonstrate that physical coal cleaning is ctfcctive in reducing the 
concentration of. thesc two tracc elcments, although the dcgrce of- ctfectivencss varies. For 
example, arsenic reduction varies 'from 20 to 85 prcent and mcrcury reduction from -191 
(an incrcase) to 78 prccnt. Part of the olwxvcd variability in trace clement rcduction is 
caused by poor analytical prccision. Thc accurate measurement of clcments present in 
tracc conccntrations in  coal is challenging and cvcn wcll qualiticd laboratories can produce 
faulty rcsults (Akcrs ct al., 1990). Howcver, most of the variability appcars to rclatc to 
the interactions lxnvcen the total amoiint of mincral mattcr rcmoved by cleaning, the 
m~thod hy which the coal is cleaned, and the mode of occurrcnce of the tracc clrmcnt 
txaring-mineral matter. 

Thc primary cconomic motivc for ckaning coal is to cemovc ash-forming mineral matter 
to rcduce coal transportation costs, lower ash collection, handling and disposal costs, and 
increase combustion efficiency. Coals are clcaned to a varicty of ash levcls to mcet local 
and regional market dcmalids. Thc ash reduction achievcd by  a cleaning plant is dircctly 
related to thc total amount of mincral matter removcd. Not surprisingly, tracc clcmcnt 
reduction tends to increase with ash rcduction. Howcver, factors other than ash reduction 
impact the reduction of many elements including thc dcgrcc of lilxration of the tracc 
clement lxaring mineral and the ability of thc coal clcaning equipment utilized to removr 
the mineral. 
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Mineral matter occurs in coal in a variety of forms. For example, pyrite, the most studied 
coahssociated mineral, can occur as anything from a massive frachire till SCVeral 
centimeters in sizc to discrete euhedrnl crystals a few microns in six. Some conventional 
coal cleaning oprrations crush the raw coal lxfore cleaning to protect equipment from 
oversized material and to liberate ash- o r  sulfur-bearing minerals. While cnishing is 
minimizcd to avoid producing excess tines, it can lilxrate larger minerals forms. It can 
also lilxrate trace element-hearing miiieral matter. 

C Q  Inc. performed a washability study of Kentucky No. 11 Seam coal. During this 
study, a comparison was made of tincnished coal with coal cnished to 9.5 mm topsizc. 
In this case, additional arsenic lilxration occurs when the raw coal is crushed to a topsizc 
of 9.5 mm. For example, cleaning the uncnished coal at 90 percent energy recovery 
produces an 86 percent arsenic reduction, while cleaning the cnlshed coal at the same 
energy recovery produces a 97 yrcent arsenic reduction. In this example, cnlshing 
increased the lilxration of the arsenic-lxaring mineral(s) in the coal allowing additional 
quantities to Ix removed without any sacrifice of energy recovery. 

The t y ~  of equipment used in a cleaning plant can also atfrct trace element reduction. 
Tahle 2 contains a comparison of  a heavy-media cyclone and froth tlotation for trace 
element reduction. In this case, Pratt Seam coal from Alahama was cleaned by both 
technologies. Here, chromium reduction is roughly proprtional to ash reduction for 
Imth cleaning devices; however, while mercury is reduced by the heavy-media cyclone, it 
is increased by froth tlotation. 

The comparison of froth tlotation to heavy-media cycloning illustrates the concept that 
physical cleaning processes do not remove trace elements as such, hut rather remove trace 
element-lxaring minerals. Mercury commonly occurs in coal within the stnicnire of the 
mineral pyrite. As pyrite is a ver)' dense mineral, it is easily removed by a density-based 
process such as a heavymedia cyclone. However, cleaning processes such as froth 
tlotation remove minerals based on  surface characteristics. Because coal and pyrite have 
similar surface characteristics, convcntianal froth tlotation may not provide high 
reductions of either pyrite or pyrite-associated trace elements such as mercury. 

TRACE ELEMENT REDUCTION BY ADVANCED CLEANING 

Advanced coal cleaning techno~ogies may 0 t h  advantagcs over conventional technologies 
in reducing trace elements. Advanced processes typically involve cnishing coal to increase 
the chance of liberating sulfur-hearing and ash-forming mineral matter, possibly also 
lilxrating trace element-hewing mineral matter. Also, advanced processes are specifically 
desiglied to clean tine-sized coal, making them more efficient than conventional processes 
i n  removing mineral matter from this material. 

In aIi evaluation of Sewickley Seam coal, C Q  Inc. compared an advanced coal cleaning 
process developed by Custom Coals International to conventional coal cleaning techniques 
(Akers and Dospy,  1993). The Custom Coals' process is characterized by several 
innovative components including a tine-coal heavy-media cyclone separation circuit. A 
conventional coal cleaning plant using heavy-media v c d s  and water-only cyclones was 
used for comparison. As part of this evnluntion, enensive washability and lilxration tests 
were perfon+ on the coal. C Q  Inc. engineers d~velopcd computer models of a 
conventional coal cleaning plant and a plant using the advanced process with middlings 
crushing for lilxration. This information was used to produce a lahoratory-simulated 
clean coal by combining the appropriate size and density fractions of the raw coal in the 
proportions predicted by the models to produce both the conventional and the advanced 
clean coal. 

The results of this evaluation are prcsenied in Table 3. Conventional cleaning techniques 
reduced the concentration of antimony, arsenic, chromiiim, colialt, lead, mercury, and 
nickel and advanced techniques provided a further reduction in all cases except mercury. 
For example, conventional cleaning reduced the arsenic concentration of the coal from 14 
to 7 ppm, while advanced cleaning provided a further reduction to 4 ppm. 

CONCLUSIONS 

Coal cleaning techniques are etfcctive in removing ash-forming mineral matter along with 
many mineral-associated trace elements from coal. Data gathered from commercial and 
commercial-scale cleaning tests indicate that trace element reduction tends to increase as 
ash reduction increases. However, factors such as the mode of occurrence of the trace 

824 



elemcnt-karing mineral and the t y ~  of cleaning equipment employed also atfcct trace 
element reduction. Furthermore, there is some evidence that advanced coal cleaning 
P ~ C a S C s  can provide higher reductions of some trace elements than conventional 
ProCCSSCs. Knowledge of the interplay lxtween the characteristics of the trace element- 
bearing mineral and various types of coal cleaning equipment can be wed to enhance 
trace e h e n t  removal during coal cleaning. 
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Table 1. Trace Element Reduction by Conventional Coal Cleaning 

Seom 

Centrol App. A 

Centrol App. E 

Illinois No. 6 

Pittsburgh - A 

Pittsburgh - B 

Pittsburgh - C 

Pittsburgh - D 
Pittsburgh - E 

Pittsburgh 

Upper Freeport 

Lower Kittonning 

Sewickley 

Pittsburgh 

Pittsburgh 

Illinois No. 6 

Kentucky No. 9814 

Pratt/Utley 

Prott 

Utley 

Prott 

Upper Freeport 

Upper Freeport 

Illinois 2,3,5 

Illinois 2.3.5 

Kentucky No. 1 1  

Kentucky No. 1 1  

Doto 

CONSOL 

CONSOL 

CONSOL 

CONSOL 

CONSOL 

CONSOL 

CONSOL 

CONSOL 

scs 
scs 

ECR 

BCR 

BCR 

BCR 

BCR 

BCR 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

C Q  Inc. 

Ash 
Reduction 

(%) 

87 

88 

87 

52 

79 

82 

76 

78 

a4  

24 

74 

65 

69 

34 

57 

51 

75 

66 

43 

75 

83 

86 

-61 

57 

06 

90 

Arsenic 
Reduction 

(%) 

58 

49 

62 

68  

74 

75 

83 

63 

El 

40 

72 

51 

61 

30 

20 

46 

43 

42 

29 

28 

83 

85  

39 

54 

66 

43 
- 
CONS01 - Consolidation Cool Company 
SCS - Southern Company Services, Inc. 
BCR - Bituminous Cool Research 
App - Appolochion 

Mercury 
Reduction 

(%) 

22 

39 

60 

33 

50 

30 

12 

41 

42 

-191 

38 

25 

27 

14 

12 

24 

39 

22 

26 

45 

78 

76 

28 

50 

48 
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Table 2- Equipment Performance Comparison (Percent Reductions) 

Heavy-Media Cyclone Froth Flotation 

Ash 70 62 
Chromium 63 56 
Mercury 26 -20 

Toble 3. Conventional and Advanced Cleaning (ppm except where noted) 

Ash Content (Wt %) 

Antimony 

Arsenic 

Cadmium 

Chromium 

Cobalt 

Lead 

Mercury 

Nickel 

Selenium 

29.2 

0.80 

14.0 

0.20 

16.07 

0.27 

14.73 

0.16 

13.39 

1.14 

Conventional 
Cleaning 

15.2 

0.48 

7.2 

0.63 

8.35 

0.24 

6.96 

0.14 

9.13 

1.54 

Custom Cool 
Advanced Process 

14.0 

0.26 

3.5 

0.34 

8.22 

0.22 

6.16 

0.14 

8.21 

1.24 
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